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Temperature for Scarab Attraction and Copulation.
Lauren Silbert
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ABSTRACT:
Inflorescences of Xanthosoma undipes (Araceae) thermoregulate, heating to temperatures ranging from
36ºC-46°C. Scarab beetles in the genus Cyclocephala spp. (Coleoptera: Scarabaeidae), the pollinators of
X. undipes, arrive at the inflorescence during heat production and remain for a period of two days,
copulating and feeding. In this study I tested the hypothesis that thermogenesis is a mechanism by which to
encourage pollinator copulation. Using an experimental design in which beetles were mated under varying
temperature conditions to test for an optimal copulating temperature, I expected highest mating frequency to
correspond to maximum inflorescence temperature. No correlation was found between temperature and
mating frequency, suggesting that heat production does not attract pollinators looking for mates. Alternate
hypotheses to explain production of heat are then examined.

RESUMEN:
Las flores de la planta X. undipes (Araceae) producen un aumento en la temperatura de 36°C-46°C. Los
escarabajos del género Cyclocephala spp. (Coleoptera: Scarabaeidae), son los que polinizan a las flores.
Ellos llegan a la flor cuando aumenta la temperatura y se quedan en la flor por dos días. Los escarabajos
comen y copulan en la flor. En este estudio, examiné la hipótesis que "termogénesis" es el mecanismo para
alentar la copulación de los polinizadores. Los escarabajos se mantuvieron bajo diferentes temperaturas a
ver si hay una temperatura óptima para copular. Se esperaba que más escarabajos copularan en la misma
temperatura que las flores alcanzan. No se encontró correlación entre la temperatura y la frecuencia de
copula. Esto propone que la producción de calor en la flor no atrae a los escarabajos que están buscando
aparearse. Otras hipótesis para explicar la producción de calor fueron examinadas.

INTRODUCTION:
The aroid X. undipes, like many Philodendron spp., uses thermoregulation to attract
pollinators. During pollination the inflorescence generates a higher than ambient
temperature (36°C-46°C), causing a rapid volatilization of odoriferous substances. This
then attracts Scarabaeidae beetles, the sole pollinators of the plant (Gottsberger and
Silberbauer-Gottsberger 1991). The protogynous inflorescence consists of a characteristic
white spadix enclosed by a spathe. The top portion of the spadix contains densely packed
white staminate flowers, beneath which a mostly white spathe bounds sterile flowers
(Goldwasser 1987). Underneath this constriction the spathe expands again to form a deep
red kettle, enclosing the small, orange, pistillate flowers on the basal end of the spadix
(Gottsberger and Silberbauer-Gottsberger 1991). The heating of the inflorescence occurs
at dusk when the spathe opens to expose the male flowers. The heat is produced mostly
by the sterile male florets on the spadix, requiring a comparable amount of energy to
those of the most active animal endotherms (Seymour et al. 1983).
The timing of the release of fragrances produced by the heated inflorescences

coincides well with the beginning of flight activity of the pollinating beetles. The beetles
fly into the spathe when the spadix reaches its peak temperature of 40-42°C (Goldwasser
1987) and congregate inside the kettle, bringing with them pollen from the flower
previously visited. They remain for approximately 24 hours, copulating and feeding on
fleshy staminodia, while simultaneously transferring pollen to the female pistillate flowers
(Gottsberger and Silberbauer-Gottsberger 1991). The female flowers are only receptive
to pollination transfer during this first 24 hour period (Goldwasser 1987). On the second
evening, the inflorescence heats up again, this time to a maximum temperature of only
34°C, and releases its pollen onto the scarabs as they travel up and down the inflorescence
(Goldwasser 1987). On the third evening, the inflorescence does not produce any heat,
thereby ensuring the departure of the pollen-covered scarabs.
Very little is known about the olfactory and visual perception of Scarabaeidae
beetles, and therefore the role of floral temperature as a possible attractant (Gottsberger
and Silberbauer-Gottsberger 1991). Gottsberger and Silberbauer-Gottsberger (1991)
found that the beetles are most active ten to twenty minutes after arrival at the spadix and
therefore during the strongest scent and heat production. Copulation is also most frequent
immediately after arriving, and eating subsides by the time the spadix has cooled off. This
pattern suggests a role of warmth as an attractant for the beetles.
The beetles apparently have a keen detection of scent as manifested in the "honing
in" pattern of flying often observed. "Honing in" describes the beetles' zigzag flying
pattern toward the center of fragrance concentration, indicating that they are very sensitive
to the aroma being produced (Gottsberger and Silberbauer-Gottsberger 1991). Once the
beetles are within approximately 30 cm - 50 cm of the inflorescence, they shift to a
straight line of flight until they hit the inner surface of the spathe blade, using visual
references for location only as they near the inflorescence (Goldwasser 1987). The
precision and high degree of synchrony displayed in thermogenesis gives evidence of a
highly evolved system of pollination.
In this experiment, I tested whether the temperature of the kettle of X. undipes
inflorescences during thermogenesis affects the copulatory behavior of Cyclocephala
nigerrima (Coleoptera: Scarabaeidae). The night-time pollination of X. undipes might
require heat to ensure C. nigerrima activity in the cool Monteverde nights. Hence, I
hypothesized that there is an optimal temperature at which beetle mating occurs, and that
temperature corresponds to the maximum temperature the X. undipes inflorescence
reaches. I predicted that beetles would therefore copulate most frequently at the
temperatures produced by X. undipes inflorescences, and less frequently at both cooler
and warmer temperatures. The importance of this experiment lies in determining the role
of temperature as a pollinator attractant. Because heat production is so costly, a plant
should only heat up as much as is absolutely necessary to attract or retain beetles. A
higher frequency of beetle mating at the high temperatures of X. undipes inflorescences
would suggest the necessity of heat for beetle activity; while even copulation counts at all
temperatures tested would show the warming of X. undipes inflorescences to play a role
other than attraction.

METHODS:
Patches of X. undipes were studied at two different locations in Monteverde, Costa Rica:
the Monteverde Cloud Forest Reserve and the Skytrek Forest, located near the Santa

Elena Reserve. The patches existed at altitudes of 1535 m and 1550 m, respectively, both
consisting of lower montane wet forest habitat.
C. nigerrima were collected from X. undipes inflorescences in either location for
fifteen nights. Once collected, they were placed individually in containers where they
remained for no more than twelve hours with food and water until mating. The sexes of
C. nigerrima were determined using the slight differences in abdomen between males and
females: males have a more pointed abdomen while females have a slightly rounder
abdomen. Six males and six females were then put into one chamber at the appropriate
temperature and the frequency of copulation observed after fifteen minutes of continuous
surveillance was recorded. The trials were done at night between the hours of 6:00 and
10:00 in order to simulate X. undipes inflorescences that are active at night.
The chamber consisted of a bucket (radius 4 cm) painted black to simulate night
throughout the experiment. Three light bulbs covered with tin foil to prevent the
emission of light were drilled into the bottom of the bucket and acted as a heat source.
Three trials at each of five different temperatures were conducted, totaling fifteen trials.
The first three trials were at a room temperature (20°C), the second three were at 31°C,
the third three at 36°C, the fourth three at 41 °C, and the final three at 46°C. Thirty one
degrees was simulated by using one of three 40 watt light bulbs. Subsequently, two 40
watt light bulbs were turned on to reach 36°C, three to reach 41 °C, and two 40 watt light
bulb with one 45 watt light bulb were used to reach the final temperature of 46 °C.

RESULTS:
No significant correlation was found between the number of mating pairs and the
temperature (Spearman rank correlation, p = 0.833, r=-0.105; Figure 1). Mating was
found to be random with respect to temperature: when temperature was low, beetle
mating was actually higher than when temperature was high (x^2 = 3.95; df = 4; P =
0.413).
A total of 180 beetles were used in the experiment with an average of 7.4 ± 2.07
beetles per trial copulating (Table 1). Copulation lasted an average of 90 ± 50 seconds
(N = 37). An average of 3.7 ± 0.58 pairs of beetles copulated at room temperature, 2
±0.0 pairs of beetles copulated at 31°C, 2+ 1.41 pairs of beetles copulated at 36°C, 2.3 ±
1.53 pairs of beetles copulated at 41°C, and 2.3 ± 0.58 pairs of beetles copulated at 46°C.

DISCUSSION:
My research did not support the hypothesis that the frequency of beetle mating would be
highest at the maximum X. undipes inflorescence temperatures. In fact, a noteworthy
behavior observed in populations of C. nigerrima during the study was their propensity
towards mating under any conditions. This conclusion refutes the idea of heat as a
pollinator attractant. The large energetic investment that X. undipes puts into heating its
inflorescences must therefore have an alternate purpose other than attracting beetles for
copulation.
One hypothesis of the purpose of thermogenetics is that the heat volatilizes and
thereby helps disperse odors that are themselves produced by the respiration of the plant
(Meeuse 1975). However, many of the amines released by aroids are as volatile as the
oils produced by other plants that do not require heat for satisfactory odor dispersal
(Meeuse 1975). Still, heat has been shown to diffuse carbon dioxide and some stinking

odors that are secondarily produced in the respiratory process of aroids (Meeuse 1975).
Interpretations of heat production in Asian skunk cabbage Symplocarpus renifolius
provide other possibilities for the purpose of thermogenetics. Some hypotheses that have been
proposed to explain heat production in S. renifolius, excluding pollinator attractants, are resistance
to freezing, promotion of pollen-tube extension, and mimicry of mammalian dung or carrion to
attract pollinators such as flesh flies (Uemura et al. 1993).
Resistance to freezing may enable S. renifolius to bloom when several inches of snow
cover the ground because their tissues are otherwise not frost-resistant (Knutson 1974). However,
as a tropical montane plant, Xanthosoma spp. experiences cool but not freezing environmental
conditions. It seems unlikely; therefore, that such a trait would be favored under these
circumstances.
Pollen tube growth rate in skunk cabbage may be enhanced by increased spadix
temperatures, as suggested by Shibata (1985). He proposed that the reason for heat generation in
early spring flowers of skunk cabbage is that the growth rate of pollen tubes in the style of skunk
cabbages increases with spadix temperature (Uemura et al. 1993). However, in the case of
Xanthosoma spp., the spadix temperature was still high at the beginning of the male phase,
suggesting that the rapid extension of pollen tubes is not exclusive in function of heat produced
(Uemura et al. 1993).
The final hypothesis that mimicry of mammalian dung or carrion to attract pollinators in
S. renifolius is suggested by the odor produced in skunk cabbage, the colors of the inflorescences,
and the sheer similarity in temperature of warm mammalian feces and heated inflorescences
(Moodie 1976). Heat may be necessary in this case to release a feces-like odor because of the
carbon dioxide released as a byproduct of heat production (Moodie 1976). It could follow from
this hypothesis that heat is also necessary in Xanthosoma spp. to volatize its characteristic sweet
odor.
In the case of Xanthosoma spp. in Monteverde, supportive evidence for any of these
hypotheses is not very readily available. The process of thermogenetics seems like an
energetically costly investment for a plant, however, without obvious benefits. My study
suggests that the production of heat in X. undipes inflorescences is not for attracting pollinators
for copulation opportunities. Various possibilities for the purpose of thermogenetics exist, but the
true answer lays in future research.
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Table 1. Frequency of copulation of beetles at different temperatures under experimental
conditions. Mating is random with respect to temperature (X² = 3.95, df = 4, P = 0.41).
Temperature (°C)
20
31
36
41
46
Totals

Mating Pairs
11
6
6
7
7
37

Non-mating pairs
7
12
12
11
11
53

Totals
18
18
18
18
18
90

